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ABSTRACT 

The c o n t i n u i t y  and hea t  conduction equa t ions  f o r  

e l e c t r o n s ,  i o n s  and n e u t r a l  s p e c i e s  a r e  so lved  s imul taneous ly  

from t h e  viewpoint  of s tudy ing  t h e  F-region magnetic s torm 

behavior ,  I t  is shown t h a t  many of t h e  observed changes 

i n  t h e  F-region dur ing  t h e  main phase of a magnetic s torm 

can be s u c c e s s f u l l y  expla ined  by assuming a decrease  i n  oxygen 

c o n c e n t r a t i o n  a t  t h e  turbopause l e v e l .  The s p e c i f i c  changes 

i n  n e u t r a l  composi t ion,  e l e c t r o n  d e n s i t y ,  and e l e c t r o n  , ' i o n  , 
and n e u t r a l  t empera tures  du r ing  magnetic s torms a r e  d i scus sed  

f o r  d i f f e r e n t  s o l a r  cond i t i ons ,  
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In t roduct ion  

The storm time morphology of the  bottomside F-region has 

been extens ive ly  s tud ied  during t h e  pas t  t h r e e  decades [see 

Obayashi (1964) f o r  d e t a i l e d  references] ,  The d e t a i l e d  behavior 

of the  storm time F-region cannot be descr ibed i n  a simple way, 

s i n c e  it depends upon t h e  phase and time of t h e  storm as  we l l  

a s  t h e  l o c a t i o n  of the  observing s t a t i o n ,  However, t h e  nea r ly  

u n i v e r s a l  f e a t u r e s  of a magnetic storm a r e  a worldwide decrease 

i n  foF2 (up %o 50 percent)  and t h e  increase  i n  t h e  height  of 

t h e  e l e c t r o n  dens i ty  maximum (up t o  100 k m ) ,  The e l e c t r o n  

dens i ty  d i s t r i b u t i o n  i n  t h e  tops ide  region during d i s tu rbed  

condi t ions  has been s tud ied  only recen t ly  [Evans (1965), Reddy 

e t  . a l  (19671, Hibberd and Ross (1967), Rao (1968), and Bauer 

and Krishnamurthy (1968)l. Here again,  though t h e  d e t a i l e d  

behavior depends on t h e  he igh t ,  l oca t ion  and phase of t h e  storm, 

i n  genera l  t h e  e l e c t r o n  dens i ty  r i s e s  a t  a l l  he igh t s  from about 

1.00 km above t h e  F2 peak. I n  add i t ion ,  t h e  t o t a l  e l e c t r o n  

content  decreases  i n  a manner s i m i l a r  t o  nmF2. 

Since t h e  s a t e l l i t e  drag d a b .  has revealed  a worldwide 

enhancement i n  t h e  n e u t r a l  dens i ty  and n e u t r a l  temperature 

( the  l a t t e r  der ived from t h e  dens i ty  da ta  by comparison with 

an atmospheric model) during magnetic d is turbances  (Jacchia  

e t . a l ,  1967) i t  was considered l i k e l y  t h a t  t h e  deple t ion  i n  

nmF2 may be due t o  enhancement i n  t h e  upper atmospheric temperature. 

The a c t u a l  hea t ing  could be caused by one of t h e  s e v e r a l  mecha?~isms: 

hydromagnetic waves (Dessler 1965), heat  conduction waves 

(Volland 1967) and Jou le  d i s s i p a t i o n  of t h e  r i n g  cur ren t  (Cummings 

and Dessler  , 1967). 

Gar r io t  and Rishbeth (1963) and Thomas (1966) argued on 

t h e  b a s i s  of s o l u t i o n s  t o  t h e  e l ec t ron  dens i ty  con t inu i ty  

equation t h a t  t h e  decrease i n  nmF2 caused by atmospheric hea t ing  



cannot be more than 25 percent  and.hence not  s u f f i c i e n t  t o  

account f o r  t h e  l a r g e  decrease i n  dens i ty  a c t u a l l y  observed, 

Severa l  t h e o r i e s  e x i s t  f o r  t h e  F-region d is turbances ,  The 

electrodynamic d r i f t - theory ,  (Martyn,1954), t h e  inc rease  i n  

d i s s o c i a t i v e  recombination r a t e  (Seatsa 1956),  t h e  flow of 

i o n i z a t i o n  between ionosphere and magnetosphere $hrough 

hyd~omagmetic pidmping ( P i d d i n g t ~ n  1964) and t h e  l o s s  of thermal 

plasma through i n f l a t i o n  of t h e  magnet~sphere and through 

Soda1 9veaergizat ionPg (Bauer and Krishsamurthy , 9968). Many 

of t hese  ideas  have ce rea in  mer i t s  s i n c e  they succeed i n  

expla in ing  t h e  genera l  storm time behavior of t h e  F-region 

5 0  varying degrees of approximation. The d i f f i c u l t y  comes, 

however, when an attempt is made t o  account f o r  t h e  t61nperature 

and dens i ty  vari ,at isms s f  both t h e  ionized and n e u t r a l  cons t i -  

tuen t  throughout t h e  a l t i t u d e  range of t h e  F-region. Moreover, 

ma:ny of t h e s e  ideas  a r e  q u a l i t a t i v e  and i t  is d i f f i c u l t  t o  

r e l a t e  them t o  the  observat ional  da ta  i n  a q u a n t i t a t i v e  manner, 

We f e e l ,  however, t h a t  t h e  temperature e f f e c t s  during t h e  

d is turbed  condikisn a r e  q u i t e  important i n  s p i t e  of t h e  d i f -  

f i c u l t i e s  encou2tered by Garxis t  and Rishbeth (1965) and Thomas 

(B966]. 1x3 & h i s  paper,  we s h a l l  at tempt to examine t h i s  aspect  

of t h e  F-region magnetic storm. 

The E f f e c t  --- - of Changes is t h e  Lower Boundary 

En t h e  accompanying paper [Herman and Chandra 1968; t o  be 

r e f e r r e d  &o a s  paper I] t h e  e f f e c t s s i  s o l a r  E L ?  on dens i ty  and 

temperature sf both &he neutraL and ionized cons t i tuen%s were 

discussed. I% was shown t h a t  i n  so lv ing  t h e  equat ions of 

coaltinuity axand hea t  t r a n s p o r t  t h e  boundary values of t h e  

n e u t r a l  c s n s t i t u e n t  cannot be assumed i n v a r i a n t  thr~ughou. t  t h e  

s o l a r  cycle ,  I n  d iscuss ing  the magnetic s t s r m  problem, a s i m i l a r  



s i t u a t i o n  a r i s e s .  I t  is r e a s o n a b l e  t o  assume t h a t  t h e  s o l a r  

EUV f l u x  m a i n t a i n s  i ts  pre-s torm v a l u e s ,  b u t  t h e r e  is  no r e a s o n  

t o  b e l i e v e  t h a t  t h e  lower  boundary d e n s i t i e s  remain i n v a r i a n t  

d u r i n g  t h e  d i s t u r b e d  p e r i o d .  The n e u t r a l  ~omposition~particularly 

atomic  oxygen, i n  t h e  mesosphere and t h e  lower thermosphere  are 

s t r o n g l y  c o n t r o l l e d  by eddy d i f f u s i o n ,  t r a n s p o r t ,  and chemica l  

p r o c e s s e s  CColegrove e t .  a l .  1966,  Shimazaki  1967,  Maeda and 

A i k i n  1968,  H e s s t v e d t  19683. I n  t h e  h i g h  l a t i t u d e s  t h e s e  

p r o c e s s e s  can  be  modi f i ed  by t h e  p r e c i p i t a t i o n  of e n e r g e t i c  

e l e c t r o n s  and t h e  h e a t  d i s s i p a t i o n  due t o  r i n g  c u r r e n t .  Hines  

(1965) b e l i e v e s  t h a t  some of t h e  energy d e p o s i t e d  i n  t h e  a u r o r a l  

r e g i o n  d u r i n g  magnet ic  storms c a n  b e  t r a n s p o r t e d  t o  t h e  lower  

l a t i t u d e s  by means of g r a v i t y  waves. While i t  is d i f f i c u l t  t o  

e s t i m a t e  t h e  compos i t ion  changes  r e s u l t i n g  from t h e s e  mechanisms, 

it is r e a s o n a b l e  t o  p o s t u l a t e  t h a t  t h e  compos i t ion  i n  t h e  lower  

a tmosphere  d o e s  change d u r i n g  magnet ic  s t o r m s  p a r t i c u l a r l y  i n  

t h e  middle  and h i g h  l a t i t u d e s .  Evidence of such  changes  i n  

composi t ion  c a n  be  i n f e r r e d  from t h e  enhancement i n  t h e  i n t e n s i t y  

of t h e  a i r g l o w  d u r i n g  magnet ic  s t o r m s  [ ~ r u t t s e ,  1968; Weill 

and Glaume, 19671. I t  w i l l  be  shown i n  t h e  f o l l o w i n g  t h a t  many 

of t h e  impor tan t  f e a t u r e s  of t h e  F-region magnet ic  s t o r m  c a n  

be d e s c r i b e d  from t h e  s i m u l t a n e o u s  s o l u t i o n s  of t h e  e q u a t i o n s  

s f  c o n t i n u i t y  and h e a t  t r a n s p o r t  f o r  b o t h  t h e  n e u t r a l  and i o n i z e d  

c o n s t i t u e n t s  by making s u i t a b l e  changes  i n  t h e  lower boundary.  

The Equa t ions  of C o n t i n u i t y  and Heat Conduction 

The e q u a t i o n s  of  c o n t i n u i t y  and h e a t  t r a n s p o r t  and t h e i r  

method of s o l u t i o n  have  been d i s c u s s e d  i n  paper  I .  I n  t h e  

f o l l o w i n g ,  on ly  an  o u t l i n e  is p r e s e n t e d  f o r  r eady  r e f e r e n c e .  

Equa t ion  of c o n t i n u i t y  f o r  e l e c t r o n  d e n s i t y :  
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Heat conduction eqluatiow f o r  e l e c t r o n s  : 

hek C ve aTe - Sin  2 I, a [K, = Be-g Les-L e i  

Heat conduct%on equation f o r  ions :  

aTi 2  a aTi 
hek Cvi - Sin  I [Ki = Lei-Li 

Heat conduction f o r  n e u t r a l  cons t i tuen t s :  

The var ious  n e u t r a l  c o n s t i t u e n t s  (NZs 02¶ 0 ,  He, and H) a r e  

assumed t o  be i n  d i f f u s i v e  equi l ibr ium 

Discussion 

The d e f i n i t i o n  of t h e  terms i n  equat ions 1-5 and t h e i r  

numerical values a r e  exact ly  t h e  same a s  i n  paper I a s  a r e  t h e i r  

method of so lu t ion .  Here we have cha rac te r i zed  t h e  storm time 

condi t ions  by a  decrease i n  t h e  oxygen concentrat ion a t  t h e  turbo- 

pause l e v e l  a s  compared t o  t h e  precstorm value. A s  i n  paper I ,  

t h i s  l e v e l  has been assumed t o  be 100 km. I t  may be pointed out  



$ha$ i n  many of t h e  atmospheric models, t h e  turbopause l e v e l  

is genera l ly  assumed t o  be between 120-130 km. Our present  

choice has been guided by the  r ecen t  experimental r e s u l t s  

(Shaeffer 1967; Hartman e t  . a t .  1967) which show t h i s  l e v e l  t o  

be l e s s  than l l 0  km. The genera l  conclusion of t h i s  paper is  

not dependent on t h e  exact knowledge of the  r e fe rence  boundary 

values,  

The numerical r e s u l t s  of t h e  c a l c u l a t i o n s  a r e  shown i n  

Figure 1-3 which show the  s teady s t a t e  height  p r o f i l e s  of the  

d e n s i t i e s  and temperatures f o r  both the  n e u t r a l  and ionized  

c o n s t i t u e n t s  corresponding t o  t h e  var ious phases of t h e  s o l a r  

cycle .  We have chosen t h r e e  values of E W  f l u x e s ,  1.00 HF, 

l , 3 8  HF and 1.60 HF, a s  r e p r e s e n t a t i v e  of d i f f e r e n t  phases of 

s o l a r  a c t i v i t y  (HF denotes t h e  f l u x  values i n  the  s p e c t r a l  

range of 10-lQ27A a s  given by Hintescegger e t . a l .  (1965')). 

A l l  $he c a l c u l a t i o n s  r e l a t e  t o  t h e  magnetic d i p  angle 70° 

and s o l a r  z e n i t h  angle 3g0, t h e  l a t t e r  corresponding t o  apprdxi- 

mately equ inoc t i a l  noon condit ion a t  mid-lati tudes.  

Figure (1-a) shows t h e  dens i ty  p r o f i l e s  f o r  [ N ~ ] ,  [02] 

and 10) corresponding t o  1.38 HF. The boundary values assumed 

f o r  t h e  f i v e  n e u t r a l  c o n s t i t u e n t s  f o r  the  qu ie t  and d i s tu rbed  

condi t ion  a re  a s  given i n  t h e  fol lowing t a b l e .  

TABLE 1 

QUIET 

4.65 x 1012/cm3 

1.25 x  1012/cm3 

1.00 l ~ ~ ~ / ~ ~ ~  



It may be noted t h a t t h e  d y d l f f e r e n c e  assumed i n  the  qu ie t  

and d is turbed  condi t ion  is t h e  reduct ion i n  oxygen concent ra t ion  

by 50 percent  compared t o  its pre-storm value a t  the  reference  

l e v e l .  The values assumed f o r  the  two cases  a r e  q u i t e  a r b i t r a r y  

and have been adoptedbfor i l l u s t r a t i o n  only,  The dens i ty  and 

temperature p r o f i l e s  a s  a  r e s u l t  of t h i s  decrease a r e  shown i n  

Figures $-a, l-b. The main po in t s  of these  Figures  can be 

sum~ar ized  i~ t h e  following: 

I, The isothermal  n e u t r a l  temperature inc reases  from about 

908°K t o  1 1 0 0 ~ ~  - an increase  of about 2 0 0 ~ ~  (Figure 1-b). 

2. These is a  genera l  increase  i n  [ N ~ ]  and LO2] values 

throughout t h e  a l t i t u d e  range corresponding t o  t h e  

increased n e u t r a l  temperature (Figure 1-2). The helium 

and hydrogen d e n s i t i e s  show a  s i m i l a r  inc rease  (not 

shown here f o r  t h e  sake of c l a r i t y ) .  

3.  The oxygen concentrat ion is l e s s  than its pre-storm value 

up t o  about 300 km though t h e  d i f fe rence  between t h e  

two values LO] - LOID continuously decreases  with Q 
a l t i t u d e .  A t  about 300 km t h e  two W o f i l e s  c ross  over 

and from t h e r e  on [OJD cont inues t o  be g r e a t e r  than [O] Q' 
4. Both t h e  e l e c t r o n  and ion temperatures show an enhancement 

by a  few hundred degrees compared t o  t h e  q u i e t  condi t ion.  

The peak e l e c t r o n  temperatures Temax and TemaxD a r e  Q 
2170 wed 2479°K a t  180 and 200 km respec t ive ly .  

5. The e lec t ron  dens i ty  neD i s  l e s s  than n up t o  about 
eQ 

350 km. The two d i s t r i b u t i o n s  c ross  over a t  t h i s  a l t i t u d e .  

Above 350 km neD cont inues t o  be higher than n 
eQ " 

The 

maximum decrease i n  neD is near t h e  height  of t h e  maximum. 

The maximum e l e c t r o n  d e n s i t i e s  nemal$ and nemax~  a r e  



5  respec t ive ly  13.5 x  lo5  and 6.8 x  10 elect./cm3 a t  

260 km and 310 km, This  r e f l e c t s  a decrease of about 

50 percent  i n  nemax and increase  i n  h  
max by 50 km. 

6. The t o t a l  e l ec t ron  content  n and ntD a re  
tQ12 23.2 x 10 '~ /cm-~ and 19.4 x  10 /cm-2. This  shows a  

decrease of about 16  percent .  

Figures  2a and 2b show t h e  r e s u l t s  corresponding t o  1.00 HF 

which correspowds t o  low s o l a r  ac&ivi%y.  The important f e a t u r e s  

of these  f i g u r e s  a r e  s i m i l a r  t o  the  ones discussed i n  t h e  

preceeding s e c t i o n  though t h e  changes i n  t h e  d is turbed  and q u i e t  

condi t ions  a r e  not  q u i t e  t h e  same. The important d i f f e r e n c e s  

a r e  i n  Te and ne p r o f i l e s .  The e l e c t r o n  temperature shows a  

t r a n s i t i o n  from a  peaked p r o f i l e ,  t o  a  mono%onically increas ing  

p r o f i l e  (Figure 2b). The increase  i n  Te is almost by a  f a c t o r  

of 2  from about 200 km onwards, The e f f e c t  of t h i s  considerable  

inc rease  i.n Te is r e f l e c t e d  i n  t h e  ne p r o f i l e  which shows a  r a t h e r  

l a r g e  gradient  above t h e  F2 peak. This  abnormal increase  i n  

Te should not be i n t e r p r e t e d  a s  t y p i c a l  of a  mid-lati tude storm 

during low s o l a r  a c t i v i t y .  The increase  is usua l ly  a s soc ia ted  

with t h e  change i n  t h e  c h a r a c t e r i s t i c  of t h e  Te p r o f i l e  a s  was 

discussed i n  paper 1. In  f a c t ,  on e i t h e r  s i d e  of t h e  t r a n s i t i o n  

region t h e  percentage v a r i a t i o n  i n  Te is r a t h e r  small .  

Figures  3a ,  and 3b show t h e  dens i ty  and temperature p r o f i l e s  

correspondi.ng t o  HF = 1.6, The main f e a t u r e s  a re  e s s e n t i a l l y  

the same a s  those shown i n  Figures  l a  and l b .  The fol lowing 

t a b l e  s u m a r i z e s  t h e  o v e r a l l  r e s u l t s  of Figure l., 2  and 3. 





Table 2 shows some numerical examples of t h e  e f f e c t s  of 

decreasing oxygen concentrat ion on t h e  var ious ionospheric  

parameters. These changes a r e  cons i s t en t  with t h e  commonly 

known changes i n  t h e  F-region during magnetic storms i n  t h e  

middle and high magnetic l a t i t u d e s ,  Thus,our c a l c u l a t i o n s  

show reasonable agreement wi th  t h e  observed enhancement of 

e l e c t r o n  dens i ty  i n  t h e  tops ide  region of t h e  order  of 100 

percent  [King e t  . a l e  , (1967) B&uer3 and Krishnamurthy (1968) 1 and t h e  

depression i n  nmF2 up t o  50 percent  (Obayashi 1964). The 

inc rease  i n  t h e  height  of t h e  F2 maximum, e l e c t r o n ,  ion,and 

n e u t r a l  temperatures and n e u t r a l  dens i ty ,  and t h e  decrease i n  
t o t a l  e l e c t r o n  content  a s  shown i n  Table 2  [and Figure 1-31, 

a r e  i n  genera l  agreement wi th  t h e  observat ional  da ta  [Evans 

1965, Jacch ia  e t , a l . ,  Hibberd and Ross, 19671. We cannot ,  of 

course,  expla in  t h e  complex changes i n  the  F-region through 

t h e  var ious  phases of magnetic storms based on s teady s t a t e  

s o l u t i o n s  presented i n  t h i s  paper, For a  complete understanding 

of t h e  problem it w i l l  be necessary t o  consider t h e  s o l u t i o n s  

of t h e  time dependent equat ions along wi th  t h e  time dependent 

boundary values appropr ia te  f o r  storm. time condi t ions ,  

I n  our c a l c u l a t i o n  we only decreased t h e  oxygen concent ra t ion  

and %he o the r  changes followed accordingly. The r e s u l t  would 

have been t h e  same i f  ins t ead  of decreasing [O] a t  t h e  furbo- 

pause l e v e l ,  we would have lowered t h e  l e v e l  i t s e l f ,  Fur ther ,  

we d id  not  change t h e  r e l a t i v e  values of [O] wi th t h e  change i n  
s o l a r  a c % i v i t y ,  f o r  t h e  sake of s i m p l i c i t y ,  The main purpose of 

t h i s  paper is t o  i l l u s t r a t e  t h e  r e s u l t  of t h i s  change r a t h e r  than 

t o  ob ta in  a  q u a n t i t a t i v e  agreement between t h e  t h e o r e t i c a l  and 

observat ional  r e s u l t s ,  



Coa%clusion 

I n  t h i s  paper we s t a r t e d  with t h e  assumption t h a t  t h e  

turbopause l e v e l  of oxygen is decreased during $he main phase 

of the  magnetic storm i n  t h e  middle and high magnetic l a t i t u d e s  

r e s u l t i n g  i n  t h e  decrease of LO] i n  t h e  lower thermosphere. 

The general  behavior of t h e  F-region during magnetic storms can 

be s a t i s f a c t o r i l y  explained with t h i s  assumption. Consequently 

&he decrease i n  fsF2 and the  increase  i n  the  n e u t r a l  temperature 

and dens i ty  a r e  t h e  r e s u l t s  of r e d i s t r i b u t i o n  of [O] ,  

The physical  impl ica t ions  of t h e  changes i n  oxygen concentra- 

t i o n  A s  easy t o  understand i f  i t  is r e a l i z e d  t h a t  t h e  atmospheric 

n e u t r a l  temperature is e s s e n t i a l l y  con t ro l l ed  by t h e  r e l a t i v e  

magnktade of heat  production and heat l o s s  i n  t h e  lower thermosphere. 

The thermal conduction he lps  only t o  e s t a b l i s h  isothermal  tempera- 

t u r s s  a t  high a l t i t u d e s ,  The e l e c t r o n  dens i ty  d i s t r i b u t i o n  is 

c o n t r o l l e d  by t h e  photo-chemical processes i n  t h e  lower F-region 

and photo-diffusive processes i n  t h e  upper F-region. Since 

oxygen provides an important heat  s i n k  f o r  %he n e u t r a l  c o n s t i t u e n t s  

i n  t h e  lower thermosphere, a reduct ion i n  its value r e s u l t s  i n  

t h e  reduct ion of t h e  l o s s  term i n  the  n e u t r a l  temperature equation. 

The con t r ibu t ion  t o  t h e  heat  production term is a l s o  reduced, 

though not to  t h e  same extent  a s  t h e  l o s s  term. Consequently, 

t h e r e  is  a ne t  increase  i n  t h e  t o t a l  heat  input  t o  the  n e u t r a l  

gas ,  and hence, an increase  i n  n e u t r a l  temperature. The various 

n e u t r a l  c o n s t i t u e n t s ,  which a r e  assumed t o  be i n  d i f f u s i v e  

equi l ibr ium, a re  a l s o  increased corresponding t o  t h e  new higher 

temperature. I n  t h e  case of €01, t h i s  increase  is n a t u r a l l y  

r e f l e c t e d  only i n  t h e  higher a l t i t u d e s  [ ~ i g u r e s  1-a, 2-a, and 3-a]. 

The e f f e c t  of t h i s  r e d i s t r i b u t i o n  is t o  increase  t h e  e l e c t r o n  



l o s s  term [due t o  its d i r e c t  dependence on [N2] and [02]] and 

t o  decrease  t h e  e l e c t r o n  product ion term [due its d i r e c t  

dependence on [O]] i n  t h e  bottomside F-region. The n e t  e f f e c t  

then is an o v e r a l l  r e d u c t i o n  i n  e l e c t r o n  d e n s i t y ,  I n  t h e  

t o p s i d e  r eg ion  t h e  s i t u a t i o n  is somewhat d i f f e r e n t ,  Here t h e  

e l e c t r o n  produc t ion  term is inc reased  and t h e  d i f f u s i o n  c o e f f i c i e n t  

is  decreased.  Both t h e s e  changes have a n e t  e f f e c t  of i n c r e a s i n g  

t h e  e l e c t r o n  d e n s i t y .  

Unfor tuna te ly ,  t h e  o b s e r v a t i o n a l  d a t a  on t h e  neuLra1 

composit ion i n  t h e  Lower atmosphere du r ing  magnetic s torms a r e  

almost  non-exis tent .  Recent ly ,  Reber ( p r i v a t e  communication) 

from his mass spec t rometer  experiment aboard Explorer  X X X I I ,  

found some evidence of composition changes du r ing  magnetic 

s torms,  H i s  obse rva t ions  r evea l ed  a dec rease  i n  L O ]  by 45 

percen t  and i n c r e a s e  i n  [N2] by a f a c t o r  of 2 a t  285 km and 

i n  t h e  l a t i t u d e  (geographic)  range of 36O-46O. Th i s  observa- 

t i o n  is i n  g e n e r a l  agreement w i th  our r e s u l t ,  C l e a r l y  many more 

obse rva t ions  of t h i s  k ind  a r e  needed p a r t i c u l a r l y  i n  t h e  lower 

thermosphere and mesosphere f o r  a d i r e c t  exper imental  v e r i f i c a t i o n  

of our hypothes i s .  I t  is ev iden t ,  however, from t h e  p r e s e n t  

s tudy $ha% t h e  changes i n  t h e  F-region a r e  c l o s e l y  r e l a t e d  t o  

t h e  compositi.on changes i n  t h e  lower atmosphere. An unders tanding  

of t h e  photo-chemical and dynamical p roces ses  e f f e c t i n g  t h i s  

r eg ion  bo th  du r ing  q u i e t  and d i s t u r b e d  c o n d i t i o n s  is t h e r e f o r e  

s f  c o ~ s i d e r a b l e  importance i n  unders tanding  t h e  s torm t ime behavior  

of t h e  F-region, 
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FIGURE CAPTIONS 

Figure 1-a, The a l t i t u d e  v a r i a t i o n s  of N2,  O2 and 0  f o r  

q u i e t  and d is turbed  condi t ions  corresponding 

t o  HF - 1.3. The oxygen dens i ty  v a r i a t i o n s  

between 100 t o  300 km have been redrawn i n  
t h e  upper r i g h t  hand corner f o r  c l a r i t y ,  

Figure l-be The a l t i t u d e  p r o f i l e s  of ne, Te, Ti and Tn 

f o r  q u i e t  and d is turbed  condi t ions  corresponding 

t o  HF = 1.30. 

Figure 2-a. The a l t i t u d e  v a r i a t i o n s  of N2, O2 and 0  f o r  

q u i e t  and d is turbed  condi t ions  corresponding 

t o  HF = 1.0. The oxygen dens i ty  v a r i a t i o n s  

between 180 t o  300 km have been redrawn i n  
t h e  upper r i g h t  hand corner f o r  c l a r i t y .  

Figure 2-be The a l t i t u d e  p r o f i l e s  of ne,  Te, Ti and Tn 

f o r  q u i e t  and d is turbed  condi t ions  corresponding 

t o  HF = 1.0. 

Figure 3-a. The a l t i t u d e  v a r i a t i o n s  of N2,  0  .and 0 f o r  a 
q u i e t  and d i s tu rbed  condi t ions  corresponding 

t o  ID? - 1,6. The oxygen dens i ty  v a r i a t i o n s  

between 100 t o  30Q km have been redrawn i n  
t h e  upper r i g h t  hand corner f o r  clarity, 

Figure 3-b. The a l t i t u d e  p r o f i l e s  of n e t  Te, Ti and Tn 

f o r  q u i e t  and d is turbed  condi t ions  corresponding 

t o  H F  =. 1.6, 
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F i g u r e  1-b. 
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Figu re  2-b. 
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